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Although SD-SΔ discriminations have been used 
widely in research and in undergraduate in-
structional settings for many years, only re-
cently have studies in the literature empha-
sized the point that such discriminations may 
take many different forms. Even when the def-
inition of an SD-SΔ discrimination is restricted 
to two-component multiple schedules in which 
behavior in one component (SΔ) is nominally 
nonreinforced, there may be variations in the 
number of responses permitted in each posi-
tive (SD) period, in the schedule of reinforce-
ment during SD, in the abruptness with which 
SΔ is introduced, in the temporal parameters 
of the two components, and in other schedule 
properties. 
That different SD-SΔ paradigms produce 
markedly varying patterns of responding is 
clearly seen in some recent studies which 
have focused attention on the characteris-
tics of the procedures themselves rather than 
merely using an SD-SΔ procedure to provide a 
base line for the study of performance vari-
ables such as motivation level or drugs. The 
errorless discrimination work with pigeons 
by Terrace (1963a), e.g., revealed striking dif-
ferences in discrimination performance de-
pending on how and when during training SΔ 
is introduced. Kamil and Davenport (1966) 
found large differences in responding during 
SΔ among groups having varying component 
durations. What appears to be unusually rapid 
discrimination in rats was obtained by Carlton 
(1958, 1959) in a schedule in which SΔ termi-
nation was contingent upon the occurrence of 
a 20-sec. period of nonresponding. This type 
of contingency has been in common use for 
many years (see Dinsmoor, 1950), but as yet 
there has been no published study employing 
comparable noncontingent control conditions 
in order to assess the magnitude of the effect 
of this contingency. 
Providing such an assessment was one of 
the purposes of the present research, which 
also focused on the effects of temporal regu-
larity in both contingent and noncontingent 
schedules of SΔ presentation. In Experiment 
I we have approximated Carlton’s contin-
gent procedure for direct comparison with 
noncontingent yoked controls, and have also 
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Abstract
Rats were trained in 2 SD-SΔ discrimination experiments in which the effects of an SD-postponement 
contingency during SΔ and temporal regularity of SΔ duration were assessed. Experiment I showed that 
discrimination is markedly facilitated by the presence of an SD-postponement contingency of either fixed 
or variable duration. Experiment II showed that variable-duration SΔ periods in a noncontingent schedule 
can also greatly enhance formation of an operant discrimination. These effects were attributed to differ-
ences in the probability of adventitious reinforcement of SΔ behavior by SD events.  
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investigated the effect of fixed vs. variable pe-
riods of nonresponding constituting the crite-
ria for SΔ termination in the contingent type 
of SD-SΔ paradigm. Experiment II provides a 
comparison of fixed and variable SΔ durations 
in a noncontingent SΔ presentation schedule. 
Our choice of independent variables has 
been guided in part by the strong implica-
tion in the studies cited above that SD -SΔ dis-
criminations are replete with potentialities 
for the operation of adventitious reinforce-
ment, i.e., the “accidental” reinforcement of 
lever responses or competing nonlever re-
sponses during SΔ by the onset of SD. Using 
discrete-trials procedures in which time-outs 
occurred between SD and SΔ but not between 
SΔ and SD, we have found that both response 
contingency and temporal regularity pro-
duce strikingly divergent behavior patterns 
which provide further evidence of the impor-
tance of adventitious reinforcement in oper-
ant discrimination. 
Experiment I 
Method 
Subjects.—The Ss were 24 experimentally naive 
male albino rats of the Holtzman strain, 145-160 
days old at the beginning of discrimination train-
ing. The Ss were maintained at 85% of their free-
feeding weight throughout the experiment. 
Apparatus.—The apparatus consisted of two 
identical Gerbrands Model C test chambers en-
closed in picnic ice chests. A Lehigh Valley retract-
able lever, two green 1-in. cue lights (which were 
never illuminated) and a Gerbrands recessed-type 
food cup were mounted on the response panel of 
each chamber. A houselight was mounted above the 
top of the chamber; and, a speaker, an enclosed re-
lay, and a Gerbrands pellet feeder dispensing 45-
mg. Noyes rat pellets were mounted behind each 
response panel. White noise was continually pre-
sented through the speaker. The chambers were 
controlled by standard programming equipment 
located in an adjacent room. 
Experimental design.—In order to compare di-
rectly contingent and noncontingent schedules of 
SΔ presentation, a yoked design was employed. 
The Ss were run in pairs consisting of a contingent 
(experimental) and a noncontingent (control) S. 
The Ss of a pair were yoked so that the behavior of 
the experimental S determined SΔ termination for 
both members of the pair. Carlton’s (1959) proce-
dure was modified in carrying out this design be-
cause of the necessity of keeping Ss of a pair to-
gether in time, and giving both members of the pair 
similar SD experience. Thus experimental and con-
trol Ss were yoked on SΔ duration only. The SD off-
set was determined independently, by each S’s SD 
response, and a time-out was inserted between SD 
offset and SΔ onset. 
With this discrete-trials procedure a discrimina-
tion trial for a pair of Ss started at the end of the 
time-out or intertrial interval (ITI). The ITI termi-
nated and SΔ began at the same time in both cham-
bers with onset of the houselight (which remained 
on throughout the trial) and extension of the le-
ver into the chamber. This was the SΔ condition for 
all Ss throughout the experiment. At the end of an 
interval of time determined by the experimental 
S’s pattern of responding on the trial, SD onset oc-
curred in both boxes. The criterion for SD onset for 
a pair of Ss was an interval of x sec. of nonrespond-
ing by the experimental S. The SD was signaled by 
the click produced by the 10/sec operation of the 
relay mounted behind the response panel in each 
chamber. With SD onset, the experimental and con-
trol Ss became temporarily independent. For each S 
the first SD response was reinforced and terminated 
the trial, for that S only, returning that chamber 
to the ITI state (total darkness with the lever re-
tracted). Timing of the ITI began after both Ss had 
been reinforced. Because differences in SD latency 
affected ITI duration, a variable interval 30-sec. ITI 
schedule was employed. A diagrammatic represen-
tation of the paradigm is presented in Fig. 1. 
The second variable manipulated in the present 
experiment was fixed vs. variable trial-to-trial val-
ues of x. For one group of experimental Ss x had a 
value of 20 sec. on every trial. For the second group 
of experimental Ss, x varied randomly from trial to 
trial. For this group x varied from 2-38 sec., with 
a mean of 20 sec. The schedule of x used was con-
structed by taking all the even numbers between 
2 and 38, adding three extra 20s, and arranging 
these numbers in a random order. The random or-
der was altered twice during discrimination train-
ing. Thus there were two experimental groups, E-F 
(experimental-fixed value of x) and E-V (experi-
mental-varied value of x) and their respective con-
trol groups, C-F and C-V. (It should be noted that 
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the temporal regularity factor was not directly ma-
nipulated within the control groups.) Six Ss were 
run in each group. 
Procedure.—On the day before discrimination 
training began, each S received magazine training 
(60 pellets on a variable-interval 1-min. schedule 
with the lever retracted and the houselight on) and 
lever training. In the latter, each S was shaped to 
press the lever on a discrete trials continuous re-
inforcement (CRF) schedule for 50–55 reinforced 
trials and there was no SΔ period given. This pro-
cedure was identical to that used during discrimi-
nation training except that SD took place at the start 
of each trial. Discrimination training was run for 30 
daily 1-hr, sessions which always began and ended 
during an ITI period. 
Results 
Rates of responding during SΔ, or error 
rates, for each of the 12 pairs of Ss are pre-
sented in Fig. 2. Three conclusions are clear 
from these data: (a) the contingent Ss, Groups 
E-F and E-V, had reliably lower error rates 
than their yoked controls in all 12 cases; (b) 
the temporal regularity manipulation did not 
affect error rates; and (c) between-S variabil-
ity in error rate was considerably greater in 
the C groups than in the E groups. Mean error 
curves for the E and C groups (pooled) may be 
seen in Fig. 4. 
The SD latency, measured from SD onset to 
the SD response, was also recorded on each 
trial, in tenths of a second intervals. The ex-
perimental manipulations had no effect on 
this measure, all groups rapidly approaching 
a mean SD latency asymptote of about .9 sec. 
within the first four sessions. 
Frequency distributions of the SD laten-
cies of the last five sessions of the experi-
ment were obtained for each S. These were 
converted to probability distributions, and, 
for comparison with Carlton’s (1958) SD data, 
these probability distributions were used to 
Figure 1. Diagram of the stimulus and reinforcement contingencies in Exp. I.  
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compute individual SD-response time curves, 
some samples of which are shown in Fig. 3. 
The ordinate in this figure is the proportion of 
SD responses emitted after time (t), which is 
plotted in .1-sec. units on the abscissa. These 
functions showed excellent within-S orderli-
ness and between-S similarity. 
Discussion 
As in Carlton’s (1959) study, the contin-
gent Ss quickly inhibited SΔ responding and 
displayed very little between-S variability. 
The performance of Group E-V further dem-
onstrated that these effects are not peculiar 
to temporally regular contingent schedules of 
Figure 2. Daily rates of responding during SΔ for each member of each yoked pair of Exp. I. (Vertical lines indi-
cate the extent to which the experimental S’s SΔ-response rate was below that of the control S’s response rate.) 
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SΔ termination. In contrast, the error data of 
the two control groups showed much less in-
hibition of SΔ responding in the absence of an 
SD-postponement contingency, and greatly in-
creased variability as well. 
These large effects appear to be accountable 
in terms of adventitious reinforcement, as this 
notion has been discussed by Sidman (1960), 
Herrnstein (1966), and others. According to this 
interpretation, the contingent procedure of the 
E groups enforced temporal separation between 
lever responding during SΔ and the onset of the 
SD, which is assumed to have acquired condi-
tioned reinforcing properties early in training. 
Thus little or no adventitious reinforcement of 
lever responses by SD onset was possible in the 
E groups, whereas lever responses could fre-
quently occur temporally close to SD onset in 
the C groups (thus increasing the probability 
of responses during SΔ because of this uncon-
trolled temporal contiguity). To this interpre-
tation we would add the suggestion that in the 
present situation, in which a CRF schedule was 
employed during SD, the food reinforcement 
may have been as important as SD onset in ad-
ventitiously reinforcing SΔ responses, particu-
larly in the earliest portion of training before 
SD onset acquired its full capacity as a condi-
tioned reinforcer. Furthermore SΔ offset, itself, 
must be considered a potential source of condi-
tioned reinforcement in view of evidence sug-
gesting stimuli associated with nonreward are 
aversive (Leitenberg, 1965). 
The high degree of between-S variability in 
SΔ responding among the control Ss confirms 
a corollary of the adventitious reinforcement 
concept, namely that such variability is to be 
expected when reinforcement is allowed to ex-
ert its influence by chance, as was the case in 
our yoked-control conditions. 
A second corollary is that when lever re-
sponding during SΔ is “protected” from adven-
titious reinforcement by an SD-postponement 
contingency, as in our E conditions, patterns 
of nonlever responding that are consistent 
within Ss may be produced instead. This ex-
pectation was confirmed by informal obser-
vation, which showed that 11 of the 12 Ss in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
the E groups developed a consistent pattern 
of vigorously sniffing the top of the chamber 
during SΔ, and the twelfth S consistently stuck 
its head into the foodcup during SΔ. The evi-
dence of learning of these behavior consisten-
cies (superstitions) offers a more compelling 
reason for the rapid and homogeneous inhibi-
tion of SΔ responses by the E groups than that 
provided by simple extinction. 
The individual SD response-time curves pre-
sented in Fig. 3 represent a refinement over 
similar data reported by Carlton (1958). Us-
ing larger (1-sec.) units, Carlton obtained indi-
vidual curves which tended to fit a simple ex-
ponential decay function; use of .1-sec. units 
in the present experiment yielded ogival func-
tions which would be highly similar to Carl-
ton’s if plotted in the same units. 
Experiment II 
Since both C groups of Exp. I had variable SΔ 
durations as a consequence of being yoked to 
Figure 3. Representative individual SD response-time 
curves obtained in Exp. I.  
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the E groups’ performance, an unambiguous 
assessment of the effects of temporal regular-
ity of SΔ duration in a noncontingent sched-
ule was not provided by that experiment. In 
Exp. II, we compared a fixed (F) group hav-
ing a constant 20-sec. SΔ duration with a vari-
able (V) group in which SΔ duration varied 
randomly from 2 to 38 sec. with a mean du-
ration of 20 sec. These durations were under 
direct experimental control, with no SD-post-
ponement contingency in either group. 
Method 
Subjects.—The Ss were eight experimentally naive 
albino rats having the same sex, age, strain, source, 
and maintenance conditions as the Exp. I Ss. 
Apparatus.—The test chambers of Exp. I, without 
modification, were employed in Exp. II. 
Procedure.—In order to make Exp. II as comparable 
as possible to Exp. I, the same type of discrete-trials 
procedure was used. The Ss within each group were 
run in pairs and for each pair SΔ onset and SD onset 
were both temporally determined and occurred simul-
taneously in both chambers. As in Exp. I, timing of the 
ITI, which was programmed as a variable-interval 30 
sec., did not begin until after both Ss had terminated 
the SD by making a single reinforced response. Pre-
liminary training conditions, ITI conditions, and the 
stimuli defining SD and SΔ were the same as in Exp. I. 
Discrimination training was run for 30 consecutive 
days with session lengths of 1 hr. For Group F, SΔ dura-
tion was fixed at 20 sec. for every trial. For Group V, SΔ 
duration varied randomly from trial to trial in accor-
dance with the same schedule of intervals that was used 
for the random distribution of x for Group E-V of Exp. I. 
Figure 4. Group means (heavy lines) and total ranges (shaded areas of SΔ-response rates) of the F and V groups 
of Exp. II, shown in relation to the mean SΔ-response rates of the pooled E and C groups of Exp. I.  
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Results 
Mean error rates of Groups F and V are 
shown in Fig. 4 in relation to the total range of 
individual error rates per session within each 
group and the mean error-rate curves of the 
E and C groups of Exp. I. Group F clearly de-
veloped a reliably higher error rate than did 
Group V and also displayed much greater be-
tween-S variability. 
Two analyses of variance were performed 
in which these data were compared to the er-
ror data of Exp. I. In one analysis, Group V 
was compared to the two E groups (pooled) 
of Exp, I; the groups effect approached sig-
nificance, F (1, 14) = 4.24, p < .075, and there 
was a significant, F (29, 406) = 23.32, p < 
.001, days effect and a significant, F (29, 406) 
= 2.55, p < .001, Days × Groups interaction. 
The interaction was due to the higher initial 
error rate of Group V and that group’s slower 
approach to asymptote. While Group V com-
pletely overlapped the E groups of Exp. I dur-
ing the last 10 sessions of the experiments, 
there was almost no overlap in the first 10 
sessions. In the second analysis, Group F was 
compared to the (pooled) control groups of 
Exp. I. Group F had a significantly, F (1, 14) 
= 12.74, p < .01, higher error rate than these 
controls throughout training. There was no 
statistically reliable change in error rate 
across sessions in general, but a significant, 
F (29, 406) = 2.12, p < .001 Days × Groups 
interaction was obtained, reflecting the fact 
that the control groups showed a drop in er-
ror rate while Group F did not. 
Group frequency distributions of SD laten-
cies over the last five sessions were computed 
as in Exp. I, and are presented in Fig. 5. An 
Figure 5. Mean SD latency distributions of the two groups of Exp. II.  
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analysis in which latency intervals over 3 sec. 
were omitted showed significant groups, F 
(1, 6) = 6.96, p < .05, intervals, F (29, 174) 
= 9.02, p < .001, and Groups × Intervals, F 
(29, 174) = 2.99, p < .01, effects. The group 
effect was due to the fact that all Group F Ss 
had more SD latencies over 3 sec. than did any 
Group V S, and this lead to a group difference 
in the average proportion in each cell included 
in the analysis. The most important difference 
between the groups in the SD latency distribu-
tion was the higher incidence of short-latency 
responses by Ss in Group F. 
Cumulative response records showed termi-
nal (Session 30) response patterns that clearly 
differed for the two groups, and shed some 
light on the differences in the groups’ SD la-
tency distributions. Whereas the records for 
Group V were virtually horizontal, since per-
formance was nearly errorless, the Group F Ss 
showed a characteristic pattern consisting of a 
period of nonresponding of variable duration 
at the beginning of each SΔ period, followed 
by a steady rate of responding until SD onset. 
Responses during SΔ for the latter group usu-
ally occurred, either singly or in bursts, just 
before SD onset. Often the SD occurred in the 
middle of a chain of responses, yielding SD la-
tencies that were obviously too short to have 
been true reaction times to SD onset itself. 
Discussion 
Experiment II clearly showed that there are 
conditions under which temporal regularity of 
SΔ duration can be as potent a factor in op-
erant discrimination as the SD-postponement 
contingency procedure studied in Exp. I. In-
deed, Group V of Exp. II eventually reached 
the same, almost errorless, asymptotic perfor-
mance as the E groups of Exp. I, and Group F 
of Exp. II exhibited many more errors than the 
C groups of Exp. I. 
One of the ways in which the schedules of 
the two groups in Exp. II differed was that 
Group V received some SΔ presentations which 
were considerably longer than those of Group 
F. Because of momentary within-trial extinc-
tion, the probability of a given error occurring 
near SD onset on these longer trials would be 
lower than on the 20-sec. trials of the F group. 
Thus Group V Ss were given greater opportu-
nity to make lever responses during SΔ which 
were not likely to be adventitiously reinforced 
by SD onset and subsequent food reward, or 
conversely, to make nonlever responses which 
were adventitiously reinforced. 
This advantage to Group V was partially 
counteracted by the SΔ durations that were 
somewhat shorter than 20 sec. in its sched-
ule, but below a certain duration value this V 
schedule provided a second advantage. That 
is, the occurrence of very short SΔ periods 
(e.g., 2- 6 sec.) gave Group V the advantage of 
a higher probability of SD onset coming before 
any lever response occurred during SΔ, thus 
providing an additional source of adventitious 
reinforcement of nonlever pressing during SΔ. 
In reconciling the performance of Group V 
with the inferior performance of Group C-V 
in Exp. I, it should be noted that the occur-
rence of these short-duration SΔ periods was 
guaranteed from the start of training by the 
V group’s noncontingent schedule, whereas in 
Exp. I the yoking procedure prevented Group 
C-V from receiving short SΔ durations with a 
comparable frequency until after several ses-
sions. This may be regarded as an important 
difference in conditions, since it follows from 
the notion of adventitious reinforcement that 
its effects largely depend on the particular ac-
cidental contingencies that arise very early in 
training. 
A major part of the difference between the 
V and F groups in Exp. II seems to have been 
due to still another factor affecting the proba-
bility of adventitious reinforcement—the pre-
cise temporal regularity of SΔ duration in the F 
group. The pattern of responding displayed in 
Group F’s cumulative records strongly suggests 
that, perhaps through the mechanism of tem-
poral conditioning, this regularity increased 
the probability of lever responses being emit-
ted just before SD onset and established a 
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self-sustaining set of adventitious reinforce-
ment conditions. Thus, instead of providing an 
additional cue on the basis of which Group F 
might have formed a more perfect discrimina-
tion, temporal regularity seems to have gener-
ated an anticipation tendency which kept the 
error rate in this group at a high level. 
This interpretation implies that adding an 
external cue signifying reinforcement setup in 
a standard free-operant fixed-interval sched-
ule would not greatly reduce the amount of 
“scalloping” even after extended training. Not-
ing that the group differences in SD latency 
distributions (Fig. 5) also may be attributed 
to this anticipation tendency in Group F, we 
call attention to the additional implication 
that the use of constant ITI’s in discrete-trials 
nonretractable-lever analogues of the runway 
(in which trials are defined only by stimulus 
changes) run the risk of poor discrimination 
of the trial stimulus and contaminated trial la-
tency measures. 
Group F’s higher error rate over that of the 
Exp. I control groups seems attributable to 
the longer-duration SΔ periods experienced 
by the controls early in training as a result 
of errors made by their experimental yoke 
mates, as well as to the temporal anticipa-
tion effect in Group F. The slower rate of ap-
proach to asymptote in the error data by the V 
group of Exp. II in comparison to the experi-
mental groups of Exp. I is not surprising, since 
the contingent condition of the latter groups 
assured minimal adventitious reinforcement 
of lever responses during SΔ whereas oppor-
tunity for such accidental strengthening re-
mained relatively high on the medium-dura-
tion trials of Group V. 
From the present experiments our convic-
tion has grown that various forms of SD-SΔ 
discrimination may differ so greatly in the 
manner and extent to which adventitious re-
inforcement operates that they result in Ss 
learning different behaviors. In some cases 
(e.g., our contingent and V-noncontingent 
conditions) Ss learn to make responses other 
than lever-pressing during SΔ, while in other 
cases (e.g., F-noncontingent) they learn to le-
ver-press during SΔ. In using operant-discrim-
ination paradigms to provide base lines for the 
study of motivational factors, drugs, etc., we 
therefore may well expect the effect of a given 
factor in one form of discrimination to be dif-
ferent from, even opposite to, the effect of that 
factor in another form. Terrace’s (1963b) dem-
onstration of differential effects of chlorprom-
azine and imipramine on errorless and normal 
discrimination exemplifies this, and we would 
expect similar discrepancies in the effects of 
some other performance variables.   
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